Managers in charge of the California operations of nearly 1,200 trucking companies were asked their opinions regarding how useful various sources of traffic information are to their dispatchers and to their drivers. They were also asked to evaluate the usefulness of improved traveler information systems. Nonlinear canonical correlation analysis was used to link company characteristics and perceptions of the value of the sources.
Introduction
This paper explores the perceptions of trucking company operations and logistics managers concerning the usefulness of existing and proposed sources of traffic information. New technologies allow the delivery of traffic information in many new ways, and this information may help improve the efficiency of goods movement. Policy analysts, technology developers and information providers should be interested in the perceptions of commercial vehicle operators regarding the usefulness of different types of information systems. For instance, these perspectives can provide information useful in the design of advanced traveler information systems (ATIS). Future developments in information technologies should greatly enhance the potential for effective and userfriendly traveler information. New ATIS will be able to take advantage of Internet (Webbased) technology developed for the much larger market of business-to-business ecommerce. In the near future, drivers and dispatchers engaged in trucking operations will likely be supplied with real-time information on traffic conditions, queues at intermodal and distribution facilities, parking information, and roadway hazards. Internet systems could replace technology developed exclusively for ATIS.
Here we investigate how existing and new sources of traffic information are judged to be useful for dispatchers and drivers. The development of some sources of traffic information might benefit from direct public sector investment, while others might require public agency support of private sector initiatives and of improved information dissemination methods. It is of interest to identify which industry segments favor certain types of information sources over others. In the research presented here, we develop models that link operational characteristics with favorable and unfavorable opinions about the relative usefulness of various sources of traffic information. This paper is organized into eight sections. In Section 2, we review previous studies. In Section 3 we discuss the content of the survey and describe the sample used in the analysis. This is followed by a discussion of methodology in Section 4. Results are then presented in t hree separate sections relative to information sources available to dispatchers (Section 5), drivers (Section 6) and the benefits to both drivers and dispatchers of up-to-date sources of traffic information (Section 7). This last section is likely to be m ost relevant to policy analysts and public agencies as developing and extending some of these information sources may require a public investment.
Background
The adoption of information technology (IT) by commercial vehicle operators has been studied since the early 1990s. Scapinakis and Garrison (1991) reported results from a survey of a small group of carriers regarding their perceptions of the use of communications and positioning systems, and Kavalaris and Sinha (1995) documented a survey of trucking companies that focussed on attitudes towards ITS technologies. Ng et al. (1995) The next generation of the Internet will support intelligent (autonomous) agents (or "bots") that operate on computer-readable XML (extensible markup language), as discussed in Golob and Regan (2001a) . It will be relatively straightforward to design agents and XML Websites containing real-time information on network performance levels, so that agents can interrogate the network sites and report back on the state of travel conditions. A viable extension is for the traveler's agent to recommend alternative trip routing and timing. Hand-held Internet devices (smart phones) will allow travelers to access Web pages and receive reports from smart agents at sites away from home.
Data
During the Spring of 1998, managers of 1177 trucking companies operating in California completed a survey conducted by Strategic Consulting and Research of Irvine, California for the Institute of Transportation Studies at the University of California, Irvine.
The sample was comprised of 5258 companies, divided into three strata: (1) 804
California based for-hire trucking companies with annual revenues of over $1 million, (2) 2129 California based private carriers with at least 10 power units and (3) 2325 for-hire large national carriers based outside of California with annual revenues over $6 million.
This sample was drawn from a database of over 21,000 for-hire carrier and 25,000 private carriers maintained by Transportation Technical Services Inc.
Questions were posed to the logistics or operations manager in charge of operations in California. 1 An overall response rate of 22.4% was obtained, with many of the national carriers excluded on the basis of insufficient operations in the state of California. After eliminating the contacts with no operations in California and invalid telephone numbers, the effective response rate was approximately 35%.
Non-response analyses were conducted for each of the three strata from which the sample was drawn. Golob and Regan (2001c) report that there are no statistically significant differences between survey respondents and other companies on any of three criteria available in the database from which the sample was drawn: revenue, overall size of fleet, and number of years in business.
The survey dealt with five main topics: (1) traffic congestion, (2) use and usefulness of information technologies, (3) use and efficiency of intermodal terminals in California, (4) usefulness of sources of traffic information, and (5) operational characteristics (e.g., types of services offered, the average length of haul, time sensitivity of the operations, the locations of the main terminals and the fleet size). The broad goal of this study was to obtain information on all of these subjects from a large enough sample of the California trucking companies so that no industry segments would be left out. An overall summary of survey results can be found in Regan and Golob (1999 devices. 3 In the third section of the survey, data were collected on services provided at maritime, rail and air intermodal facilities. Questions were asked about typical delays and the predictability of the time required for pickup and delivery of loads to these facilities, and respondents were invited to describe the types of problems they face in operating at intermodal facilities. 4 The section of the survey dealing with the usefulness of sources of traffic information provides the data used in the research presented here.
The survey sample of 1177 trucking companies is broken down into 34% private carriers and 66% for-hire (common) carriers. Respondents were asked how many power units (tractors, tractor-trailer combinations, or trucks) they typically operated in California. The fleet size distribution, which is highly skewed, is described in Table 1 .
The median California fleet size was twenty power units, but the mean is 59.4 power units. The lower quartile is eight, and the upper quartile is 50. Four companies typically operated more than 1,000 power units in California. In the analyses reported here, six different operating characteristics were found to effectively explain responses concerning the usefulness of traffic information. Fleet size was not one of these characteristics, which was an unexpected result. The functionality 2 An analysis of carrier perceptions of the effectiveness of congestion mitigation strategies available to public agencies is provided in Golob and Regan (2000) . 3 A model of demand for information technologies is presented in Golob and Regan (2001b) . 4 Carrier p erceptions of problems encountered in intermodal maritime operations are explored in Regan and Golob (2000) .
of trucking operations is more important than size of operation in explaining managers' perceptions of sources of traffic information. The breakdowns of the six characteristics used as explanatory variables are shown in Figure 1 .
Figure 1 about here
Load type is described in terms of truckload, less-than-truckload, and combination of the two services. Carrier type is described in terms of four categories: private carrier, common (for-hire) carrier, contract only, or a combination of common and contract.
There are seven categories of primary service, with general truckload being the modal category (37%), and five categories of location of manager of California operations.
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Finally, intermodal operations were divided into five categories, and average length of loaded movement was divided into six categories. After eliminating companies with missing data on these characteristics, the sample size for the analysis was 985.
Methodology
The objective of the research presented here is to produce optimal segmentations that capture how the type of trucking operation affects managers' opinions about the usefulness of different sources of traffic information. The statistical analysis is complicated by the fact that none of the variables are interval scale. The evaluations of usefulness are measured on ordinal scales, where each scale has three categories: (1) "very useful," (2) "somewhat useful" and (3) "not useful." And the characteristics of truck operations are measured according to the six nominal (categorical) variables shown in Figure 1 . Each of these characteristic variables has between three and seven categories.
Relationships between a single evaluation scale and a single characteristic variable can be assessed using a contingency- which is a simple expansion of regression analysis to more than one dependent variable, there are two sets of variables, and the objective is to find a linear combination of the variables in each set so that the correlation between the linear combinations is as high as possible. The linear combinations are defined by optimal variable weights.
Depending on the number of variables in each set and their scale types, further linear combinations (canonical variates, similar to principal components in factor analysis) can be found that have maximum correlations subject to the conditions that all canonical variates are mutually orthogonal or independent. CCA can also be generalized to more than two sets of variables. With a single set of variables, CCA is essentially equivalent to principal components analysis.
Here, we have three separate nonlinear CCA problems with an explanatory variable set of six nominal variables and a dependent variable set of five ordinal variables. The linear combination on the explanatory variable side is undefined, because we have no metric to quantify the categories of each nominal variable. The linear combination of the variables on the dependent side is also undefined, because the categories of each variable can be re-scaled by any monotonic nonlinear function. Thus, we need to optimally scale or quantify the variables while simultaneously solving the traditional linear CCA problem of finding optimal weights for each explanatory variable.
One extensively used method for nonlinear canonical correlations analysis, NLCCA, known as alternating least squares (ALS), is described in detail in De Leeuw (1984) , Van der Burg (1988) and Gifi (1990) . The method simultaneously determines both (1) optimal re-scaling of the categories of all nominal and ordinal variables and (2) explanatory variable weights, such that the linear combination of the weighted re-scaled variables in one set has the maximum possible correlation with the linear combination of weighted re-scaled variables in the second set.
Hensher and Golob (1999) use a geometric perspective to describe the ALS method for NLCCA as applied in transportation research. In summary, both the variable weights and optimal category scores are determined by minimizing a meet-loss function derived from lattice theory. The meet-loss objective function is minimized by means of an algorithm that iterates between adjusting the category scores of the ordinal and nominal variables and adjusting the variable weights, subject to appropriate constraints. The ALS algorithm is similar to the power method in singular value decomposition (Gifi, 1990; Israëls, 1987) 
Perceived Usefulness of Information Sources to Dispatchers
Trucking company managers were asked to rate the usefulness to dispatchers of five sources of traffic information on a three-point ordinal scale: very useful, somewhat useful, and not useful. For each source there was also a "don't know" category which we treat as missing data. The five sources (randomly rotated in the survey) were (1) reports from drivers on the road, (2) traffic reports on commercial radio stations, (3) traffic reports on television, (4) computer traffic maps on the World Wide Web, and (5) phones calls to Caltrans (the State of California Department of Transportation) or other information services. The aggregate response breakdowns are described in Table 2 . Table 2 about here Overall, reports from drivers on the road are judged to be most useful, followed by traffic reports on the radio. Least useful was traffic reports on television, followed by Internet traffic maps. The relatively low rating for Internet information, and the relatively high percentage of "don't know" responses, is probably both a f unction of dispatchers'
Internet access and lack of availability of ATIS Internet services in 1998. The component loadings are listed in Table 3 . On the endogenous variable side, the first canonical variate can be labeled as the "external provider" dimension, contrasting
Internet and phone-in sources of traffic information with traffic reports on commercial radio stations. The second variate, which can be labeled as the "internal sources" dimension, is primarily correlated with reports from the company's own drivers on the road. In terms of variance accounted for, reports from drivers is most effectively explained, while traffic reports on television is least effectively explained. On the exogenous variable side, length of load moves is the key explanatory variable and is associated most strongly with the first variate. Base of operations, load type and 6 Presumably this will change as dispatchers increase their use of computers with Internet connections in response to the demand for and availability of e -commerce. Networked computers will become more prevalent in commercial vehicle operations due to demand for a wide-variety of information technology applications, such as routing and scheduling, vehicle monitoring, maintenance and record keeping software, tracking and tracing technologies for containers and packages, and Internet based load matching services (Golob and Regan, 2001a) . As a consequence, Internet access is likely to be available to a greater number of dispatchers, and there will be increased incentives for developing ATIS services due to their wider audience. Page 12 intermodal operations also explain the first variate. The second variate is most strongly correlated with primary service, load type and carrier type.
Four pairs of optimally scaled variables had the strongest correlations. These are as follows: (1) The results matching specific company characteristics with perceptions of the usefulness of different information sources are summarized in Table 5 . Compilation of Table 5 was guided by the calculation of the complete set of correlations between the optimally scaled endogenous and exogenous variables based upon their component loadings. The categories listed in Table 5 are further restricted to those which exhibit a statistically significant rank order correlation between the dummy variable defining the category and the three-point ordinal evaluation scale.
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Reports from their own drivers on the road are valued most highly by carriers with either rail or multiple intermodal operations. Conversely, this source of information is judged to be less useful by contract carriers, movers of household goods, and carriers with long average load moves. Traffic reports on commercial radio stations are useful to general LTL carriers and operations based in the Greater Los Angeles Area, which has the largest concentration of commercial radio stations. Commercial radio sources are judged to be less useful by truckload carriers, operations based outside California, and carriers with long load moves. Regarding traffic reports on commercial television stations, which have an overall low rating of usefulness ( 
Perceived Usefulness of Information Sources to Drivers
Respondents were also asked to rate the usefulness of five potential sources of traffic information that drivers can use directly. The aggregate results are listed in Table 6 .
Freeway changeable message signs (CMS), CB radio reports from other drivers and traffic reports on the radio were deemed most useful for drivers. CMS were deemed most useful followed by CB or other radio reports from other drivers. Interestingly, these were the most high tech and low tech information sources investigated. Traffic reports on commercial radio stations were also viewed as useful as were face-to-face reports among drivers at truck stops and terminals. Dedicated highway advisory radio (HAR) was viewed least useful for drivers, possibly reflecting the incomplete availability of this source of information in 1998. Table 7 . The information sources are aligned such that each of these two variates captures a pair of information sources, while the fifth source is explained by both canonical variates. The two sources associated with the stronger first variate are CB or other radio reports from other drivers and reports on dedicated highway advisory radio (HAR). These two sources represent information that can be intermittently tapped by drivers when they are within certain areas with heavy traffic. The two sources associated with the second variate are faceto-face reports among drivers at truck stops and terminals and traffic reports on commercial radio stations. The common attribute of these is the provision of traffic updates on a regular schedule at specific locations. The lone source loaded on both variates (but more by the first) is changeable message signs (CMS). CMS appears to be viewed as having both components of both spatial concentration and regularity.
Evaluations of CB radio and face-to-face reports from other drivers are best explained by the CCA solution, while traffic reports on commercial radio stations are the least well explained, probably because managers are not well informed as to drivers' radio habits. The relationships among the exogenous variables is given by the component loadings of the exogenous variables in Table 7 and the optimal category scores in the second data column of Table 4 . These exogenous relationships are different than those for the previous NLCCA model in that the segmentation structure that best captures operational characteristics managers' evaluations of sources of traffic information that drivers use is different from the segmentation structure that captures evaluations of sources of information for dispatchers. The most important exogenous variables are base of operations (approximate R 2 = .65) length of load moves (R 2 = .55).
There is a cluster of two exogenous characteristics, length of load moves and carrier type, which are loaded primarily on the first canonical variate. (Load type is also loaded primarily on the first variate, but is not very well explained.) Considering how the variables are coded according to the category scores (Table 4) The results matching specific company characteristics with perceptions of the usefulness of different information sources are summarized in Table 8 , in which entries are limited to those categories with statistically significant ( p = .05 level) rank order correlations between the category dummy variable and the ordinal evaluation scale.
These NLCCA results for drivers' information sources provide market research information for future information sources. First, improved sources of in-vehicle traffic information that can be tapped by drivers in specific congested areas with heavy truck traffic should be welcomed especially by drivers for carriers with longer moves and common carriers, and by drivers for national and regional carriers operating from outside California. Preferences for such sources of information should be less for drivers for private carriers, short-haul carriers, and carriers operating out of the Los Angeles Area. Secondly, improved sources of traffic information available to drivers at regular intervals at specific locations, such as truck stops and terminals, should be welcomed by drivers in companies serving rail intermodal terminals. 
Future Traffic Information Sources
Ratings of potential sources of information that are in varying stages of development are presented in Table 9 . Dedicated highway advisory radio was viewed as most useful to drivers and dispatchers, followed by more freeway changeable message signs and cheaper and better in-vehicle navigation systems. This result is somewhat surprising, since managers did not find current highway advisory radio systems to be as useful to drivers as any of the other information sources. This suggests that they think that improvements are on the horizon. Web-based information found in dispatch centers and at Kiosks at truck stops received mixed reviews, as did computer traffic maps on TV. The TV based maps were judged more useful than maps available on the internet, no doubt due to fact that the study pre-dated the rapid emergence of web based traffic information sources. Table 10 , and the optimal category scores are listed in the last column of Table 4 .
On the endogenous variable side of the problem, all sources of information are correlated, with three sources being tightly aligned along the (negative) first canonical variate. These three sources of improved traffic information are: "area-wide dedicated 24-hour highway advisory radio" (HAR), "more use of changeable message signs" (CMS), and "cheaper and better in-vehicle navigation systems." This is a cluster of advanced traveler information sources targeted at the commercial driver on the road.
Relatively independent of this cluster of three is "computerized traffic maps for dispatchers on cable or satellite TV" (possible through the use of "set-top" Internet devices, as described by Golob and Regan, 2001a) . The final source, "kiosks at truck stops where drivers can punch up traffic information" lies between the "in-vehicle"
cluster and computer maps for dispatchers. Table 10 about here The exogenous variables fall into two pair-wise clusters and two relatively independent variables. The first pair, highly aligned with the first variate and the first cluster of information sources, is comprised of base of operations and intermodal operations. In light of the optimal category scores for these variables (Table 4) , this cluster contrasts carriers based outside of California and carriers with rail, air and multiple intermodal services against carriers operated out of the San Francisco Bay Area and carriers without intermodal operations or with just maritime intermodal services. The second pair is defined in terms of primary service and load type. The load moves variable, which is correlated with the first cluster pair but orthogonal to the second, is monotonic in terms of length of loaded movement, with the shortest move category being outstanding. The carrier type variable, which is independent of the first cluster pair but correlated with the second, contrasts contract carriers and private carriers, with common carriers being scored closest to zero (indicating small effects in the model).
The strongest correlations between optimally scaled exogenous and endogenous variables involve length of load moves. Correlations between length of load moves and each of the five improved sources of information range from a high of 0.54 for kiosks at truck stops to a low of 0.24 for more CMS. Highly correlated pairs also include location of operations and kiosks (correlation of 0.37), area wide HAR (0.29) and more CMS (0.28). Interpretations of key relationships between the exogenous and endogenous variables are summarized in Table 11 . Table 11 about here
Turning first to the first of three advanced driver-targeted ATIS, "cheaper and better invehicle navigation systems," the primary explanatory variables are carrier type, base of operations, intermodal services and length of load moves. Large national and regional carriers based outside California, long-haul carriers, and carriers with multiple
intermodal services see such sources of information as being particularly valuable.
Private carriers, short-haul carriers, those without intermodal services and those with various unspecified specialized services are less inclined to judge in-vehicle ATIS as being useful in their operations.
Evaluations of the usefulness of Internet information in the form of computer traffic maps for dispatchers are explained primarily by carrier type, location, intermodal services and length of loaded moves. The primary market for such systems will likely be large national and regional long-haul carriers. Demand for such systems is less likely to come from private carriers, operators with short loaded moves, and carriers with no intermodal services.
More use of CMS is judged to be valuable by the types of companies that favor Internet information. On the negative side, CMS is judged to be less advantageous by operators based in the San Francisco Bay Area, by short-haul carriers, by carriers with no intermodal services, and by those with various unspecified specialized services.
Preferences for ATIS kiosks at truck stops are related primarily to operators' length of load moves, and secondarily to spatial location, carrier type and extent of intermodal operations. Kiosks are judged to be useful by the same types of operators that favor driver-targeted ATIS, namely carriers based outside of California and long-haul carriers.
However, ATIS kiosks are deemed more useful by a variety of operation types: carriers operating out of either the Greater Los Angeles or San Francisco Bay Area, private carriers, short-haul carriers, carriers with no intermodal services, and by carriers with various unspecified specialized services.
Finally, dedicated 24-hour area-wide HAR finds favor among carriers which provide both truckload and LTL services. HAR is judged to be less useful by exclusive LTL carriers, short-hail carriers, and, once again, carriers with various unspecified specialized services.
These results provide market research information for future information sources. New video sources should be most welcomed by companies scoring highest on the "basic operations" dimension. For providers of traffic information on the Internet, this indicates that demand is likely to come from large regional and national carriers and all carriers with long loaded moves. Demand will be lower from short-haul carriers, private carriers, and carriers with no intermodal services. Operators scoring high on the second cluster of exogenous variables, defined by load type, area and intermodal operations, will prefer new sources that combine the attributes of the two personal-contact sources:
reports from drivers on the road and phone calls to agencies. Automated phone-in information sources, or sources accessible by handheld internet devices (smart phones), are likely to received favorably by contract carriers and carriers serving rail and combinations of intermodal services.
Conclusions
In this paper, we have described results of nonlinear multivariate statistical models applied to attitudinal data from a large-scale survey of for-hire trucking companies and private carriers operating in California. These models help explain how perceptions of the value of specific sources of traffic information are related to the operating characteristics of the trucking companies.
Three sets of information sources were investigated: (1) those potentially used by dispatchers, (2) those used by drivers directly, and (3) future advanced traveler information systems (ATIS). The pervasive results were that evaluations of sources in each of these three categories were explained by where the trucking operation is based, whether the operation is private or for-hire, the average length of load moves, and the provision of intermodal services. In addition to the prevailing influences of these three variables, preferences of specific industry segments were identified through relationships between evaluations of information sources and whether or not a company provides specialized types of trucking services. These results indicate which segments of the trucking industry are more likely to be early adopters of ATIS technologies.
Acknowledgments
The research described in this paper was supported by a grant from the University of California Transportation Center (UCTC). Thanks are due to Mr. Sreeram Jagannathan for his assistance in the preparation of the survey data and its analysis. The opinions expressed are those of the authors, who are also solely responsible for all errors and omissions.
survey of 1200 companies operating in California. Transportation Journal, 38: 57-67. Regan, A.C. and T.F. Golob (2000) . 
